Aiming at the "hotspots" problem in energy heterogeneous wireless sensor networks, a routing algorithm of heterogeneous sensor network with multilevel energies based on uneven clustering is proposed. In this algorithm, the energy heterogeneity of the nodes is fully reflected in the mechanism of cluster-heads' election. It optimizes the competition radius of the cluster-heads according to the residual energy of the nodes. This kind of uneven clustering prolongs the lifetime of the cluster-heads with lower residual energies or near the sink nodes. In data transmission stage, the hybrid multihop transmission mode is adopted, and the next-hop routing election fully takes account of the factors of residual energies and the distances among the nodes. The simulation results show that the introduction of an uneven clustering mechanism and the optimization of competition radius of the cluster-heads significantly prolonged the lifetime of the network and improved the efficiency of data transmission.
Introduction
With the extension of detecting areas by human beings, information obtaining, information storage, and information processing, transmission, and application are embedded to every aspect in social production and daily life. Wireless sensor networks (WSNs) [1] integrated with the frontier technologies, such as sensing, microelectromechanical systems (MEMS), wireless communication, and distributed information processing, have emerged as the time requires. A wireless sensor network is comprised of a large number of small and cheap sensor nodes. The nodes communicate with each other by agreement strategies, and the communication strategies are administered by routing protocols [2] . The wireless sensor network has a wide application prospect in real life. It has an important research value and huge practicality value in many fields: environment monitoring, rescue and relief work, remote control in hazardous area, and so on. It will be recommended and applied in many fields with great favor [3, 4] . Nowadays, with the development of marine economy, the huge economic benefit is being brought about from the exploitation of marine resources, and meanwhile this causes environmental disruption in many marine areas. There are frequent occurrences of ocean disasters. How to dynamically detect the environmental factors becomes a serious challenge. With the development of sensors and computer networking, WSNs play an important role in the development of marine environment monitoring and forecasting [5] [6] [7] . Sensor nodes deployed in the ocean will change their initial position owing to the effect of ocean currents, and the AUVs (Autonomous Underwater Vehicles) collect the underwater environmental information in moving state. These all cause the dynamical change of the network's topology.
Normally, the nodes of a wireless sensor network have limited energies. Due to the one-off deployment, it is difficult to replenish the energies [8] . Due to the different duty and equipping for the sensor nodes, the energy consumption will be different among them. So, it is an energy heterogeneous sensor network. Sometimes, the so-called "hotspots" easily 2 Journal of Sensors occur in sensor networks with heterogeneous energies in practical application. It is important to find an optimized route for the information transmission of the network. Routing protocols [9, 10] will be responsible for discovering and maintaining energy efficient routes and make communication reliable and efficient. "Hotspots" will make some nodes come to an untimely end due to the excessive energy consumption, and this will shorten the life cycle of the whole network [11] . Therefore, it is necessary to design the energy efficient protocol to adapt the features of this kind of sensor network. For the unbalanced energy consumption of the sensor networks, cluster-based sensor networks enable achieving efficient utilization of the limited energy resources of the deployed sensor nodes. The uneven clustering is suitable to be used in heterogeneous sensor networks [12] . In this way, it can extend the lifetime of the networks the furthest. The cluster-based routing protocol, whose goal is to reduce the node's energy consumption and improve the network lifetime, has become one of the hot topics in the study of wireless sensor networks.
The rest of this article is organized as follows. In Section 2, some related works on cluster-based routing algorithm for sensor networks are introduced. In Section 3, some necessary models are defined. Then, in Section 4, we describe the EDEUC method in detail. Section 5 comprises the simulation and results analysis, and finally we conclude the article in Section 6.
Related Work
According to the sensory ability, computing power, communication capacity, and carrying of energies, sensor nodes can be divided into different levels. Heterogeneous sensor networks mean a network composed of a variety of different types of sensor nodes [13] . The form organized into a cluster of sensor nodes can effectively reduce the network energy consumption. Some energy efficient routing protocols are designed based on the cluster structure. Currently, many cluster algorithms, such as LEACH [14, 15] , PEGASIS [16] , and HEED [17] , are all set up based on homogeneous network. However, the pure homogeneous network is inexistent in practical application. It is just an ideal assumption. Each kind of protocol has its own characters. The algorithms used in homogeneous network cannot be duplicated to be used in heterogeneous network directly, so it is necessary to design the clustered-based routing algorithm which is suitable to be used in heterogeneous network [18, 19] .
In recent years, many literatures have studied the feasibility of heterogeneous sensor networks in practice application, and some clustering methods for heterogeneous sensor networks were proposed. Solar LEACH [20] was proposed in 2004 by Voigt et al., which is an improved protocol based on extending the ordinary LEACH to two class level heterogeneous sensor networks. EELBC algorithm [21] was proposed by Jayashree et al., who structured the two-class clustering network model with cluster-head based on heterogeneous nodes; this protocol optimizes the deployment of the ordinary sensor nodes and the cluster-head nodes, so it can extend the life cycle of the network. SEP protocol [22] was proposed in 2004 by Smaragdakis et al. In this protocol, nodes are divided into two kinds of nodes: normal nodes and advanced nodes. The advanced nodes have more chances to become the cluster-head, but this method only considers one factor: residual energy for the choice of cluster-head. Moreover, this method chooses one hop transmission mode for data transferring in inner cluster or among the clusters. The literature [23] proposed DEEC algorithm aiming at ordinary multilevel heterogeneous wireless sensor networks. The cluster-head can be elected based on residual energies of the nodes and the average energy of the network, and it can make the nodes with high initial energy and residual energy have more chances to become the cluster-head, so the energy consumption of the network could be balanced, and the cycle time of the network is prolonged. Cai et al. [24] proposed the RCR (Reliable Clustering Routing) method. It establishes a predictive model of residual energy, REP (Remaining Energy Prediction) applied to multilevel energies heterogeneous network, and it can solve the problem of energy loss for single node due to some kinds of fault. Every cluster will elect multicluster-heads to afford the tasks of cluster-heads jointly, but it has the problem of only considering one factor in the cluster election. Wang et al. [25] proposed the cluster method of load balance, LBCA (Load Balance Clustering Algorithm), which can be applied in multilevel energies heterogeneous sensor networks. It can elect the cluster-heads according to the energies distribution in the detecting area. The nodes with lower average communication energy have high priority to become the cluster-head in the area with homogeneous energy distribution, and the nodes with higher residual energies will have high priority to become the cluster-head in the area with unbalanced distribution of energy. Aiming at the problem of lifetime for heterogeneous network, the literature [26] proposed an optimal algorithm of lifetime for multilevel energies heterogeneous sensor networks: SNLOC (Sensor Network Lifetime Optimization Clustering Algorithm). The literature [27] proposed an uneven cluster-based routing protocol for wireless sensor networks. It makes the nodes near the sink node have a small scale cluster by the uneven competition scope, and the unequal-sized scope is determined by the subjective settings. So, they all do not give a practical algorithm to realize the uneven clustering for this kind of sensor network systematically and effectively.
In this paper, we proposed a routing algorithm for multilevel energies heterogeneous sensor networks based on uneven clustering, EDEUC (Energy-Distance Efficiency Based on Uneven Clustering), which constructs an optimal path to the base station with multihops by cluster-heads. The EDEUC strategy can reduce the energy consumption of the nodes and prolong the life cycle of sensor networks effectively.
The main contribution of the article reflects as follows: the energy heterogeneity is fully considered in the election of cluster-heads, the competition radius of the cluster-heads is optimized according to the residual energy of the nodes, and this improves the stability of clusters. The lifetime of the nodes with lower residual energies or near the sink nodes can be prolonged by this kind of uneven clustering mechanism and this improves the stability of the networks. The hybrid multihop transmission mode is adopted in data transmission stage. The next-hop routing election fully takes account of the factors of residual energies and the distances among the nodes, and this improves the efficiency of data transmission.
Network Model

Assumption of Network Model.
For the heterogeneous network model, we suppose that there are sensor nodes distributed in a two-dimensional square area: × randomly. The nodes collect environment information periodically. The sensor network has features as follows:
(1) The sensor network is the static network, and the nodes can only have micromotion or hold still after deployment. (2) The energy of the base station is controllable. The energy is heterogeneous for all the nodes, and the energies cannot be supplemented. The wireless channel is symmetrical. The energy consumption for transmitting one bit from node to node is equal to the energy consumption for transmitting one bit from node to node .
Energy Model for Sensor
Networks. In multilevel energy heterogeneous network, the initial energy of nodes is distributed randomly in the closed interval:
where 0 is the minimum energy of the nodes and ∈ (0, 1) is the multiple coefficient of the initial energy of node more than 0 . Suppose the number of all the nodes in the network is . The initial energy of the whole multilevel energies heterogeneous network can be presented as the following formula:
(
The calculation of energy loss in the process of wireless communication is in accordance with the energy consumption model in the literature [21] . Suppose the threshold of communication distance 0 = √ fs / mp ; when the distance of nodes transmitting data < 0 , the channel model of free space will be used; when the distance of nodes transmitting data ≥ 0 , the multichannel attenuation model will be used as well.
The energy consumption of sensor node transmitting the data of bit can be described as
The energy consumption of sensor node receiving the data of 1 bit can be described as
The model includes the energy consumption of transmitting data and receiving data. The consumption of transmitting data includes the energy consumption of radiofrequency circuit and signal amplifier. The consumption of receiving nodes is the energy consumption of receiving circuit. Where fs and mp are the magnifications of amplifier, elec denotes the energy consumption of transmitting or receiving 1-bit data.
EDEUC Algorithm
The core idea of the algorithm is the mechanism of uneven clustering routing which is introduced into the sensor network with heterogeneous energy. The energy factor is introduced to the competition radius of cluster-head, so it can fully make use of the property of heterogeneous energy of the nodes. Before electing the cluster-head of the nodes, the number of the competition cluster-heads can be restrained by electing the candidates of cluster-head, and then the final nodes of cluster-head will be elected from these candidate cluster-heads. The next routing nodes can be chosen by considering energies of nodes and the transmitting distances in the process of data transferring comprehensively.
Election of Candidate Cluster-Heads.
In the time of network running, all the nodes in the network will participate in the competition to become the candidate cluster-heads. Every node ( = 1, 2, . . . , ) will produce a random number ∈ (0, 1). If is less than the threshold ( ), the relevant node will be the candidate cluster-head, and it is expressed as formula (4) . In order to fully make use of the property of heterogeneous energy of nodes, the factor of residual energy of node is introduced into weighting probability of the competition of cluster-heads. It is expressed as formula (5) . opt is introduced into threshold ( ) for candidate cluster-heads in the election mechanism. opt is the optimal cluster number of the network:
, where toBS is the distance between the node and base station. This will cause the threshold to become larger, and it will ensure that more nodes have the opportunity to become the candidate cluster-heads. The node sets of candidate cluster-head can be denoted as ⋅ ch :
⋅ ch = { is the candidate cluster-head | ⋅ ∈ (0, 1) < ( )} .
(4)
⋅ is the random number produced by node . ( ) is the threshold of candidate cluster-head of node accordingly. The average probability for node becoming cluster-head can be calculated as in the following formula:
where opt = opt / is the ratio of the optimal cluster-head number for the network, ( ) is the residual energy of the node currently, and ave ( ) is the average residual energy for all the nodes of the network in the round currently. In this algorithm, the threshold ( ) is denoted as in the following formula:
where ( ) is the probability of the node becoming the candidate cluster-head, is the round currently, ⋅ mod(1/ ( )) is the number of the nodes to ever become the candidate cluster-head in this round, and is the set of the nodes not to become the candidate cluster-head in this round.
Competition Radius of Candidate Cluster-Head.
In order to achieve uneven clustering in the network, the method of designing different competition radius of candidate clusterhead is adopted. However, this traditional method only considers the distance factor among the nodes in the design of cluster-head competition radius, and the energy factor is not considered in the process. For the sensor network with heterogeneous energy, the node with higher residual energy should have larger communication radius, so the energy of nodes could be balanced like this. In order to solve the problem of "hotspots" in sensor network, the factors of energy and distance should be considered comprehensively in the calculation of cluster-head radius. The candidate cluster-heads calculate the cluster-head radius by formula (7) according to their residual energy and the distance between themselves and the base station.
where 1 and 2 are the regulative parameters of distance and energy, respectively, and they are in the range of (0,1).
max is the farthest distance from the candidate cluster-head to the base station, and min is the shortest distance from the candidate cluster-head to the base station. ave is the average residual energy of all the candidate cluster-heads.
is the residual energy of the candidate cluster-head currently. is the maximal competition radius of the candidate clusterheads. ( , BS) is the distance from candidate cluster-head to base station. From formula (7), we know that the greater the residual energy of the candidate cluster-heads is, the larger the competition radius of the cluster-heads will be. The closer the distance from the candidate cluster-heads to the base station is, the smaller the competition radius of candidate cluster-head will be.
Election of Cluster-Head.
After electing the candidate cluster-heads, these candidate cluster-heads will broadcast the information (COMPETE HEAD MSG) of competing cluster-head in the range of their radius of cluster-head competition. The content of the information includes the node ID and the current residual energy . The candidate clusterheads begin to compete with the cluster-head by different starting time ( ). Energy factor is mainly considered in this kind of election system. If a candidate cluster-head has a shorter starting time to elect the cluster-head, this means it will have higher priority to become the cluster-head. If the time at which the candidate cluster-head starts to elect is longer than the latest time of starting to elect the clusterhead preset by the system, the candidate cluster-head will not be the cluster-head. The time ( ) at which the candidate cluster-head starts to elect the cluster-head can be calculated as follows:
where max is the largest initial energy of the candidate cluster-head, is the current residual energy of the node, and is the latest time of starting to elect cluster-head preset by the system.
Data Transmission Mode. After setting up the cluster, it
should enter the phase of data transferring. The mixed multihop transferring mode should be adopted between clusterhead and base station. The transmission mode of multihop may share the energy consumption with multiclusters rather than concentrating on one cluster. It can balance the energy consumption of clusters effectively. Suppose that the clusterhead indirectly sends data to base station via the relay cluster-head ; the set of routing nodes where the clusterhead will choose the next hop can be expressed as ⋅ ch :
where ( , BS) is the distance from the cluster-head to base station BS, ( , BS) is the distance from relay clusterhead to base station, and ( , ) is the distance from the cluster-head to the relay cluster-head . If the set ⋅ ch is an empty set, this indicates that the cluster-head has no appropriate relay routing nodes for the next hop, and the cluster-head will directly communicate with the base station. If the set ⋅ ch is not an empty set, this means that there exist relay routing nodes for the next hop. The clusterhead will choose the appropriate relay routing node from the set according to the parameter weight . The residual energy of the nodes and distance among the cluster-heads will be considered comprehensively in this process.
Definition 1. The distance factor
BS is introduced to the mechanism of choosing the routing nodes for the next hop by cluster-head . It can be described as in the following formula:
where is the current residual energy of relay cluster-head and ave is the current average residual energy of the whole network.
In the mechanism of choosing the relay cluster-heads, the distance factor BS will mainly consider two aspects: energy and distance; that is to say, the path and energy consumption for sending data by cluster-head should be considered comprehensively. If we only consider the distance factor for the next-hop routing, we cannot elect the appropriate routing path roundly. The energy factor of all the cluster-heads should be considered sufficiently in this process.
Definition 2. The energy balance factor
is introduced to the process of choosing relay cluster-head by the clusterhead according to its own residual energy. The value of can be expressed as in the following formula:
where ave is the average residual energy of candidate relay cluster-head .
From formula (11), we know that when the residual energy of current cluster-head is larger than the average residual energy of candidate relay cluster-head , we shall not worry too much about the problem of excessive energy consumption of cluster-head . On the contrary, when the surplus energy of cluster-head is smaller, the factor of distance between cluster-heads and should be fully considered in the election of relay cluster-head. Therefore, in order to reduce the energy consumption of the source clusterhead, the transmission distance 2 ( , ) between clusterheads and can be introduced to restrain the election of relay cluster-head.
Definition 3. The energy balance factor
is introduced to the process of electing the relay cluster-head by the candidate relay cluster-head according to its own residual energy. The value of can be expressed as in the following formula:
where is a constant. From formula (12), we know that when the residual energy of relay cluster-head is larger, the cluster-head will take on more responsibility in the process of forwarding data. It can avoid the energy being exhausted with taking on the task of forwarding data for the cluster-heads with less residual energy. The energy balance factor is just introduced to constrain the cluster-heads with lower energy to become the next-hop routing nodes.
Definition 4.
On the base of Definition 1 to Definition 3, the parameter weight is introduced to the process of choosing the relay cluster-head from the cluster-head . This weight considers the relationship of distance factor and energy factor comprehensively. It can be expressed as in the following formula:
where BS is the factor of distance from the cluster-head to base station, is the energy balance factor of the clusterhead , is the residual energy balance factor of the relay cluster-head , and are the weight regulation parameters, and + = 1.
The cluster-head can calculate the weight of candidate relay cluster-heads in the set of ⋅ ch by formula (13) . The next-hop relay routing nodes can be chosen in the relay cluster-heads according to the size of the weights. The election law of relay cluster-head is that the smallest of the parameter weights of the cluster-head will be the next-hop routing nodes. In order to reduce the energy consumption of storing information in the node, there are only 3 pieces of routing information stored in the routing table of cluster-head . The routing information in the routing table is stored according to the sequence from the small weight to the large weight. The cluster-head with the smallest weight will be the first routing choice.
Simulation Results and Performance Analysis
Simulation Environment.
In order to test and verify the energy saving performance and balance performance of energy loss, EDEUC was compared with some widely used algorithms: SEP and DEEC in this experiment. The simulation environment settings are as follows: supposing 100 nodes with heterogeneous energies are distributed in the square area (( = 0, = 0), ( = 100, = 100)) randomly. The base station locates in the point of ( = 50, = 150). Suppose , which is the proportion of the nodes with advanced energies to all the nodes, is 0.5. In the heterogeneous network, 0 = 0.5 , max = 1, the nodes of the sensor network are distributed in the closed interval [ 0 , (1 + 0 )] randomly, so we can get the initial energy interval of the nodes: [0. 5, 1] . The other parameters of the simulation environment are listed in Table 1 . is the proportion of optimizing clusters, DA is the energy consumption of data fusion by cluster-head, and is the number of the nodes. These parameters above should be used in the evaluation of energy consumption. Besides these, there are other parameters that need to be configured; for example, 1 and 2 can be used to control the size of competition radius of cluster-head and is the largest competition radius of cluster-head. After lots of testing and simulation, the values can be set up as follows:
= 60 m, 1 = 0.3, and 2 = 0.2. The regulation parameters of distance and energy in the multihop transmission mechanism are set up as = 0.6 and = 0.4.
Experimental Results and Analysis.
The network life cycle is an important index of the performance evaluation for a routing algorithm. Figure 1 indicates the changes of number of the live nodes in the network with rounds updating. Figure 1 illustrates that the first dead node in EDEUC algorithm can last more rounds than others, so this indicates that EDEUC algorithm has a longer stable life cycle than the others. The first dead node of SEP, DEEC, and EDEUC has died in the round of 1444, 1586, and 2256, respectively. DEEC algorithm has improved by 9.8% compared to DEEC, and EDEUC has improved by 42.2% compared to DEEC. EDEUC has a relative small time span while the network is dying, which is because EDEUC algorithm considers the factors of the residual energy of nodes and the distance of communication, and the proportionality of energy consumption is better than the others. Due to the introduction of the mechanism of uneven clustering to the EDEUC algorithm, the clusterhead can fully make use of the feature of heterogeneous energy of the nodes in the stage of cluster-head structuring and data transferring. It can balance the energy consumption of cluster-head and extend the life cycle of the network effectively. Figure 2 illustrates that different value assigned to the parameter weight of competition radius of cluster-head will influence the life cycle. When ( 1 , 2 ) is assigned with (0.4, 0), this means we only consider the communication distance of the nodes in the process of determining the competition radius of cluster-head and ignore the factor of residual energies. The other assignments of the parameters will optimize the situation of choosing competition radius of cluster-head. Figure 2 illustrates that the life cycle of network will be the shortest one if we do not optimize the competition radius of cluster-head. That is to say, the communication distance and the residual energy of the node should be both considered when we determine the competition radius of cluster-head. When ( 1 , 2 ) is with the value of (0.3, 0.2), the life cycle of the network will be the longest compared to the other cases. In other cases for ( 1 , 2 ), life cycles of the network have relative closer results. So it is reasonable that ( 1 , 2 ) should be chosen as (0.3, 0.2) in the several groups of data above. EDECU method adopts the hybrid multihop transmission mechanism. It can reduce the energy consumption of data transmission for cluster-heads. In order to verify the advantages of energy consumption of cluster-heads, we chose 10 rounds of data randomly in the process of network running and compare the results of energy consumption with DEEC and SEP methods. Figure 3 illustrates the volume of energy consumption of cluster-heads for these three kinds of methods. Figure 3 illustrates that the energy consumption of cluster-head by using EDEUC method is obviously lower than the energy consumption of cluster-head by using DEEC and SEP methods, and the energy consumption of clusterhead by using SEP method is the largest compared to others. EDEUC method improves two aspects, choice of clusterhead and data transmission, and its multihop transmission mechanism can effectively reduce energy consumption of cluster-heads. EDEUC is proposed as a kind of uneven clustering routing algorithm based on the characters of nodes with heterogeneous energies. The residual energy and the distance of transmission data of the nodes are both considered comprehensively in the mechanism of choosing cluster-head and data transferring, so the distribution of cluster-head nodes is more reasonable. This can effectively prevent the occurring of network "hotspots." The energy consumption of cluster-head by using EDEUC algorithm has better performance than the other two algorithms. Figure 4 illustrates the analysis results of the algorithm performance from the view of residual energy of the network. The residual energy of network can impliedly indicate the performance of life cycle and the energy consumption of the network. The more residual energy the network has, the less the energy consumption of the network is and the longer the life cycle of the network will be. Figure 4 also illustrates that the residual energy of the network by using SEP or DEEC algorithm is less than by using EDEUC algorithm in most time stages. Along with the network operation to late stage (after 1000 rounds), the residual energy of network by using EDEUC algorithm is more than the others. So the performance of the two aspects regarding the node energy utilization and the balance of network's energy consumption is better than the other two algorithms. Figure 5 illustrates the data volume of network transferring by these three algorithms. It is clear that not only does EDEUC algorithm have better performance of the balance of network energy consumption than the others, but also it can have the network transfer more data volumes to base station. Lower energy consumption of network is in favor of prolonging the lifetime of the network, so the network could keep sending more data in the longer period of time, and the amount of data received by base station will be bound to increase.
In order to clearly observe the amount of data transferred by using these different algorithms, we choose four stages of network running time to compare them to each other in the experiments. In the horizontal ordinate of Figure 6 , the four stages are the round of 1000, 1500, 2000, and 2500, respectively. We can compare these total data volumes of the four states as columnar contrast figure visually in Figure 6 . When the network running time reaches 2000 rounds, the network can transfer more data volumes by using EDEUC algorithm, and it can improve by 380% and 75% compared with SEP and DEEC algorithms, respectively. After 2000 rounds, the data volume transferred by SEP algorithm increases less, and the total data volume transferred by network tends to have stable status. But, for the other two algorithms, the data volume transferred still increases, and obviously the data volume transferred by using EDEUC algorithm increases more than the others.
Conclusion
In order to solve the problem of "hotspots" in sensor networks, a kind of routing algorithm named EDEUC based on energies and distances was proposed by using the idea of uneven clustering. This method adopts double selection mechanism for cluster-heads and optimizes the competition radius of cluster-heads. The hybrid multihop transmission is adopted in the stage of data transferring. The simulation result indicates that this kind of uneven clustering mechanism and the optimizing for competition radius of clusterheads can obviously improve the transmission performance of the network and enhance the life cycle of the network effectively.
